Contribution of neuroimmune mechanisms to airway inflammation and remodeling during and after respiratory syncytial virus infection.
A number of studies have implicated severe infections early in life as a risk factor for the subsequent development of asthma. In particular it has been suggested that respiratory syncytial virus (RSV) infection may enhance the development of "allergic" inflammatory responses when the host is exposed to allergens after an episode of bronchiolitis. It has also been suggested that neuronal mechanisms are important in RSV infection and subsequent airway hyperreactivity. Recently we advanced the hypothesis that immune and neuronal mechanisms may be linked and that combined neuroimmune responses may be in play. In the airways a dense network of sensory nerve fibers is strategically placed just below the epithelial surface so that any change in the bronchial environment may stimulate the release of the proinflammatory neuropeptide substance P. During RSV infection, stimulation of these nerves causes a marked increase in airway vascular permeability over that in pathogen-free rats and results in an increase in overall inflammatory status. Our work has revealed that these changes are mediated by the high affinity receptor for substance P [neurokinin (NK) 1 receptor], the expression of which is greatly increased by RSV. This up-regulation presumably occurs at the gene expression level, as NK1 receptor mRNA levels increase substantially during RSV infection. We have also shown that T lymphocyte subpopulations within the bronchial-associated lymphoid tissue in the lungs of RSV-infected rats express high levels of the NK1 receptor. As a consequence stimulation of the sensory nerves by any airborne irritant has the potential of causing a new inflammatory cycle mediated by NK1 receptor-expressing T lymphocytes attracted into the airways and activated by substance P. This mechanism may establish important neuroimmune interactions, which undergo long term dysregulation after RSV infection and predispose to airway inflammation and hyperreactivity. Finally our most recent studies show that RSV infection promotes a large increase in the expression of nerve growth factor (NGF) and neurotrophin receptors. RSV-induced release of NGF leads to short and long term changes in the distribution and reactivity of sensory nerves across the respiratory tract, participating to exaggerated inflammatory reactions during and after the infection. NGF and its receptors may also amplify other immunoinflammatory and neuronal pathways contributing to airway inflammation and hyperreactivity. On the basis of these observations, we postulate that changes of neurotrophin expression in the respiratory tract may represent an important link between early life viral infections and childhood asthma.